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INTRODUCTION 
Laser generation and detection of ultrasound has the advantage of requiring no 
mechanical contact with the materials under investigation. We previously reported [1] 
laser-based measurements on Lamb waves in graphite/polymer composite laminates 
using a confocal Fabry-Perot interferometer for detection. Related work by other 
groups includes air-coupled detection of Lamb waves in similar composites using 
capacitive transducers [2,3] and interferometric detection of Lamb waves in paper [4]. 
Our earlier work has been extended using Gas-Coupled Laser Acoustic Detection 
(GCLAD), an economical alternative laser-based method which has the additional 
advantage that the detection laser beam is not reflected from the sample surface. 
GCLAD is thus particularly useful for materials with surfaces of poor optical quality. 
We demonstrate below that the combination of laser generation and GCLAD can be 
used to obtain well-resolved surface-acoustic waves (SAWs) in a variety of materials, 
including metals, paper, thin films, and composite pre-preg tape. We also show some 
preliminary SAW scans obtained with laser generation and GCLAD using metallic 
samples. Each pixel in the scans represents the strength of a SAW passing through a 
portion of the sample with an area of about 1 cm2 . Scans of this type offer the 
possibility of economical testing of large sample areas, potentially on-line in a 
manufacturing environment. 
APPARATUS 
The experimental setup is shown in Figure 1. A Q-switched Nd:YAG laser is 
used for generation of the ultrasound. The laser provides 5 ns pulses of 1064 nm 
radiation at rates up to 20 Hz. A 200 mW cw Nd:YAG laser operating at 532 nm is 
used as the probe beam in the GCLAD system. The figure shows a generation beam 
directed toward the sample by two mirrors and focused into a line image by a 
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Figure 1: Experimental setup of SAW detection using GCLAD. A pulsed laser 
focused on the sample as a line image generates SAWs propagating perpendicular to 
the line image. Part of the SAW energy is radiated into the ambient air where it is 
detected by measuring the deflection of an optical probe beam passing parallel to the 
sample surface and the line image. 
cylindrical lens. We have also used binary optical elements to produce multiple-line 
images. Both single- and multiple-line images have the advantage of distributing the 
generation energy over a larger area, and are effective in generating SAWs 
propagating perpendicular to the line sources. As the SAW propagates, part of the 
energy is radiated into the surrounding air. The gas density and hence the optical 
index of refraction vary in the air wave, so that the air wave can be detected by 
measurement of the deflection of a probe beam passing over the sample perpendicular 
to the SAW propagation direction. The total deflection is proportional to an integral 
over the width of the wavefront and is hence enhanced by generation of broad 
wavefronts with line sources. The deflection is recorded with a position-sensitive 
photodetector. More extensive discussions of the physical principles of GCLAD can 
be found elsewhere [5,6]. 
RESULTS AND DISCUSSIONS 
Figure 2 shows a Rayleigh wave detected in a 76-mm thick aluminum plate and 
a Lamb wave detected in a O.I-mm thick stainless steel plate. The Lamb wave is 
dispersive, with high frequency components arriving first and low frequency 
components lagging behind. Figure 3 shows a Lamb wave detected in a paper sample 
of thickness 90 11m. 
Figure 4 shows surface acoustic waves generated in a tungsten film. The film has 
a thickness of 10 nm and was sputtered on glass substrate. The first arrival in the 
waveform is identified as the surface acoustic wave excited in glass substrate, followed 
by four smaller peaks labeled A through D. Peak A corresponds to a quasi-Rayleigh 
wave propagated directly from the generating line source toward the detection beam 
along the thin film. Peaks Band C correspond to waves reflected by the top and 
bottom edge of the film, respectively, and peak D corresponds to waves reflected by 
both edges, as illustrated in the schematic diagram in Figure 4. This interpretation is 
based on the lower traces of Figure 4, which show the waveforms recorded as the 
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Figure 2: Rayleigh wave in an aluminum plate (top) and a Lamb wave in a stainless 
steel plate (bottom). The waves were generated by a single-line-image laser source 
and detected using GCLAD. 
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Figure 3: Lamb wave in 90 J.Lm thick paper, generated by a single line-image laser 
source and detected using GCLAD. 
sample was progressively moved upward with respect to the generation and detection 
beams, whose separation was kept constant. The translation of the sample caused 
peaks Band C to move toward each other, while peaks A and D remained unchanged. 
Wave forms were typically averaged over 16 shots. 
Previous studies by Fecko et al. [7,81 correlated the velocity of Lamb waves in a 
pultruded rod to its void content. The study was carried out using rolling contact 
transducers to test material as it was drawn through the die. The speed of Lamb 
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Figure 4: Surface acoustic waves in thin film, generated by a single line-image laser 
source and detected using GCLAD. 
waves was found to decrease approximately linearly with average sample porosity, 
with a slope of 1.8% change in speed for each 1% increase in porosity. It is desirable 
to extend this work using laser-based methods. A single line image of a pulsed laser 
generates a variety of elastic waves with a broad distribution of frequencies. The 
frequency range can be narrowed by the use of an array of line images which fix the 
wavelength of the SAWs and/or Lamb waves. Since the SAWs are essentially confined 
to a region within about a wavelength of a free surface, by varying the wavelength the 
depth of material examined can be varied. The advantages of using spatial arrays for 
generation of Lamb waves have been discussed by Addison and McKie [9J and applied 
to studies of studies of thin silicon and Zr02 plates by Nakano and Nagai [10J . 
Multiple line sources were obtained by using a binary optical element to create 6 
parallel line images of the generation beam. A series of tests was carried out on 
AS4/PEKK pre-preg tapes. Because the sample was black, the low reflectivity would 
have caused difficulties for interferometer-based laser ultrasonic systems. However, 
because the probe beam never has contact with the sample surface, the effectiveness 
of GCLAD is independent of reflectivity and surface roughness. Results are shown in 
Figure 5. Through the use of six line sources, a reduction in bandwidth was achieved 
and there was a clearly resolved center frequency in the spectrum. The results also 
showed the center frequency can be controlled by varying the spacing among 
multiple-line sources. It was successfully tuned between 0.5 MHz and 1.5 MHz in our 
tests. The multiple-line source technique provides another advantage. The wavelength 
of the SAWs is fixed by the spacing, and the center frequency can be determined from 
the Fourier transform, so the velocity can be found using v = >..j. As in the work of 
Nakano and Nagai [lOJ the speed of sound can be determined without measurement of 
either displacement or time of flight. 
Using a C-scanning translator and signal acquisition system, SAWs were used to 
image surface cracks and subsurface defects. For this application, the probe beam was 
positioned about 10 mm below the generation line source on the same side on the 
sample. The system recorded the waveform after propagation along the lO-mm 
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Figure 5: Lamb waves in AS4/PEKK pre-preg tape, generated with either a single or 
multiple line-image laser sources, and detected with GCLAD. The digital Fourier 
transform of each waveform is displayed in the right column. 
distance. Therefore, each 1 x 1 mm2 pixel in a C-scan represents the average 
amplitude of SAWs in an area of about 1 cm2 . When the overall quality of a sample 
area, rather than the exact location of flaws, is of concern, C-scans conducted using 
surface acoustic waves can significantly speed up the inspection process. Figure 6(a) 
shows a surface-acoustic-wave C-scan image of a 7.4 mm thick aluminum plate with a 
surface gouge on the same side as the SAW generation and detection. Figure 6(b) 
shows a Lamb-wave C-scan image obtained from a 0.8 mm thick aluminum plate with 
a U-shaped gouge, with Lamb-wave generation and detection on the side opposite the 
gouge. Each pixel represents an average over 8 shots. 
CONCLUSIONS 
GCLAD is an effective method for detection of SAWs in materials with both 
smooth and rough surfaces. Rayleigh and/or Lamb waves have been observed in 
metals, paper, thin films, and polymer/graphite composites. A six-line source array 
was used to limit the bandwidth of Lamb waves in the composite sample. We also 
have demonstrated the use of GCLAD as the detector element of a C-scanning system 
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Figure 6: C-scan images of aluminum plates. Each pixel represents the amplitude of a 
SAW wave generated by a 1O-mm laser line image and detected with GCLAD. 
in which each pixel represents the amplitude of a SAW propagating through about 
one square centimeter of material. Implanted flaws in metal samples were clearly 
imaged in these tests. 
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